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Introduction
Electron microprobe instruments have been used f o r studies of semiconductors f o r more than 25 years. The e a r l y work in t h i s f i e l d u t i l i z e d the capability of the electron probe microanalyzer t o perform a local elemental a n a l y s i s , f o r example i n studies of the diffusion of zinc i n t o gallium arsenide and the diffusion of arsenic i n t o germanium and germanium regrown with a1 uminum.1 However, because of the 1 imi ted sensi t iv i t y f o r detection of impurities i n semiconductors, e f f o r t s were made in the e a r l y 1960's t o obtain information from other types of siqnals t h a t r e s u l t from the electron bombardment of semiconductors. The most useful of the many signals available have been l i g h t signals such as cathodoluminescence and specimen current or electron beam induced currents.
With the development of instruments f o r secondary ion mass spectrometry many problems involving measurement of impurities a t concentrations too low t o be detected by electron probe microanalysis could be addressed. Moreover, t h i s technique provided the capability of high spatial resolution in one dimension t h a t i s required in some areas of semiconductor research.
In t h i s paper, examples a r e given from the research done a t USC which demonstrate the c a p a b i l i t i e s of electron and ion beams in research on semiconductors.
Cathodoluminescence
Cathodoluminescence signals have been useful t o provide the following types of information on semiconductors: 1 ) Local defects including grain boundaries, p-n junctions, precipitates or inclusions by CL images 2) Variations in impurity concentration by CL images 3 ) Variations in the energy band gap with composition in mixed c r y s t a l s by CL spectra 4) States in the energy gap by low temperature CL spectra 5 ) S t a t e s in the energy gap by infrared modulated cathodoluminescence 6) Excess c a r r i e r diffusion lengths by the voltage dependence of CL intensity. 2 i l l u s t r a t e s the c a p a b i l i t y o f CL spectra i n determining the v a r i a t i o n o f energy band gap w i t h composition. I n t h i s case, i t i s i n t e r e s t i n g t o note t h a t peaks were observed i n t h e spectrum t h a t correspond t o energies greater than t h e band-gap energy. i g u r e 3 i l l u s t r a t e s t h e c a p a b i l i t y o f low temperature CL s p e c t r a (and a l s o low temperature photoluminescence s p e c t r a ) t o r e v e a l s t a t e s i n t h e energy band-gap. F i g . 4 -R e l a t i v e i n c r e a s e i n i r -i n d u c e d cathodoluminescence i n t e n s i t i e s a I / I and r e l a t i v e specimen c u r r e n t i n c r e a s e a I s / I S as a f u n c t i o n o f w a v e l e n~~t h . 4
F i g u r e 5 i l l u s t r a t e s t h e c a p a b i l i t y o f d e t e r m i n i n g t h e d i f f u s i o n l e n g t h o f excess c a r r i e r s by t h e v o l t a g e dependence o f cathodol uminescence i n t e n s i t y .

Fig. 5 -Cathodoluminescence i n t e n s i t y as a f u n c t i o n o f reduced e l e c t r o n range w'
f o r a Gaus i a n approximation t o $ ( p z ) assuming a "dead l a y e r " o f t h i c k n e s s
E l e c t r o n beam modulated r e f l e c t a n c e
I n t h e i n v e s t i g a t i o n s o f semiconductors by e l e c t r o n bombardment i t was found t h a t t h e r e f l e c t a n c e was m o d i f i e d by bombardment w i t h an e l e c t r o n beam. T h i s p r o v i d e s an i n t e r e s t i n g p o s s i b i l i t y o f d e t e r m i n i n g c r i t i c a l p o i n t s i n t h e band s t r u c t u r e .
An example o f t h e work done on t h i s s u b j e c t 6 i s shown i n F i g . 6.
Fig. 6 -T y p i c a l modulated r e f l e c t a n c e spectrum o f g a l l i u m a r s e n i d e a t 1 kHz, 10 kV, and 0.47 A cm-2.
E l e c t r o n beam induced c u r r e n t s a r e c u r r e n t s t h a t r e s u l t from g e n e r a t i o n o f excess c a r r i e r s by t h e i n c i d e n t beam and s e p a r a t i o n o f these c a r r i e r s by a p-n j u n c t i o n o r Schottky b a r r i e r . The EBIC s i g n a l s have been used t o l o c a t e p-n j u n c t i o n s and t o measure t h e d i f f u s i o n l e n g t h o f excess c a r r i e r s . Three geometries have been used f o r d i f f u s i o n l e n g t h measurements namely a) a p-n j u n c t i o n p e r p e n d i c u l a r t o t h e surface, and t h e beam n o r m a l l y i n c i d e n t on t h e s u r f a c e a t v a r i a b l e d i s t a n c e s from t h e j u n c t i o n 7 ; b ) angle lapped s u r f a c e s w i t h t h e p-n j u n c t i o n a t a small a n g l e w i t h r e s p e c t t o t h e s u r f a c e and v a r i a b l e d i s t a n c e s o f t h e e l e c t r o n beam from t h e j u n ct i o n ; c ) S c h o t t k y b a r r i e r diode p a r a l l e l t o t h e s u r f a c e bombarded w i t h a n o r m a l l y i n c i d e n t e l e c t r o n beam and v a r i a b l e e l e c t r o n beam ~o l t a g e .~ F i g u r e 7 shows a comp a r i s o n o f t h e o r y and experiment f o r case a). F i g . 8 F i g . 7 -V a r i a t i o n o f t h e s h o r t c i r c u i t c u r r e n t w i t h probe p o s i t i o n . 7 For DR3 t h e l i n e a r behavior a t l a r g e d i s t a n c e s i n t h e n r e g i o n has been s u b t r a c t e d from t h e experimental c u r v e t o o b t a i n t h e s t r a i g h t l i n e o f steeper slope. 
Secondary I o n Mass Spectrometry
Secondary i o n mass spectrometry has been u s e f u l t o determine t h e c o n c e n t r a t i o n o f i m p u r i t i e s a t low c o n c e n t r a t i o n s and t o study t h e d i s t r i b u t i o n o f i m p u n concent r a t i o n s w i t h depth. An example i s shown i n F i g . 9. T h i s f i g u r e showsfdepth p r o f i l e o f several i o n species f o r a specimen o f C r doped GaAs. I n t h i s case i t was i m p o r t a n t t o understand t h e reason f o r t h rmal conversion o f a s u r f a c e l a y e r t o a low r e s i s t i v i t y l a y e r a f t e r heat treatment. 5 
